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1.0 INTRODUCTION

This report documents the activities and results of the fall 2005 groundwater monitoring at Installation
Restoration Program (IRP) Site 1 (Base Exchange Service Station [BXSS]), Operable Unit 6, Vandenberg
Air Force Base (AFB), Santa Barbara County, California. Samples were collected at Site 1 by Tetra
Tech, Inc. (Tetra Tech) during November 2005. The location of Site 1 is shown on Figure 1.

The groundwater monitoring is being completed in accordance with the Basewide Groundwater
Monitoring Program (BGMP) Work Plan (Tetra Tech 2000a), the BGMP Health and Safety Plan (Tetra
Tech 2000b), the Basewide Sampling and Analysis Plan (Tetra Tech 2003), the BGMP Quality Assurance
Project Plan (QAPP) Addendum (Tetra Tech 2004), the Vandenberg AFB Hazardous Waste Management
Plan (U.S. Air Force 2002), and the Waste Management Plan Addendum (Tetra Tech 2005). Regulatory
oversight of the work is being performed by the California Department of Toxic Substances Control and
Regional Water Quality Control Board—Central Coast Region.

Site background information is summarized in Section 2.0. The scope of work and methodology for
groundwater monitoring are presented in Section 3.0. The results of the quarterly monitoring are
presented in Section 4.0.  Quality Assurance/Quality Control is discussed in Section 5.0.
Recommendations for future sampling are presented in Section 6.0.

2.0 BACKGROUND
2.1 SITE DESCRIPTION AND HISTORY

Installation Restoration Program Site 1 is located on the corner of California Boulevard and Herado
Avenue in the main cantonment area at Vandenberg AFB. The BXSS has been in operation since 1967
and provides motor vehicle fuel to base residents. The site currently consists of a main office building
and three gasoline dispensing islands, six automobile service bays, a four-bay car wash building, and a car
wash oil-water separator (OWS).

Four 10,000-gallon, single-walled fuel underground storage tanks (USTs); one 250-gallon, single-walled
waste oil UST; associated piping; and the automobile service bay OWS were installed at the BXSS in
1967 (IT Corporation [IT] 1999; Tetra Tech 1996). The automobile service bay OWS was removed in
1999 (Tetra Tech 1999). The car wash OWS, which was installed in 1976, does not produce a hazardous
waste stream and is still in place (Tetra Tech 1999). Petroleum products leaked from the single-walled
USTs and associated piping into the surrounding soil and groundwater. Two of the 10,000-gallon fuel
USTs were subsequently removed and replaced with two 10,000-gallon, double-walled, fiberglass tanks
in 1985. The two remaining 10,000-gallon, single-walled USTs and the waste oil UST were replaced
with 10,000-gallon, double-walled USTs in 1991. An unknown volume of soil was also excavated during
replacement of the tanks (IT 1999).

From 1980 to 1985, Battelle Corporation conducted environmental investigations at Site 1 and installed
monitoring wells 1-MW-1 through 1-MW-5. After the single-walled USTs were removed from the site,
the Bureau of Reclamation (BR) continued the environmental investigations to determine the extent of
soil and groundwater contamination. The BR installed seven monitoring wells (BXS-MW-1 through
BXS-MW-7) and drilled nine soil borings. The BR found that the highest concentration of hydrocarbon
contaminated soil was in a zone approximately 10 feet below ground surface (bgs) and extending around
the USTs, the old pump island, the south half of the BXSS building, and north to the cashier’s booth.
Pilot tests have since been conducted at the site to assess the effectiveness of site dewatering in
conjunction with bioventing of impacted soil. In 1999, IT published a feasibility study to identify,
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develop, and analyze remedial action alternatives and to address gasoline, benzene, toluene, ethylbenzene,
and xylenes (BTEX), and methyl fert-butyl ether (MTBE) detected in soil and groundwater surrounding
the former USTs.

A new service station is expected to open in fall 2006, and remediation is scheduled to coincide with the
opening of the new station. The existing service station will be demolished at that time. In spring 2004,
Water Resource Development Corporation conducted a demonstration project using their Advanced
Phase Separation System for MTBE and volatile organic compound (VOC) removal from selected wells.
Results from the demonstration project can be obtained by contacting the 30th Space Wing Civil Engineer
Squadron, Environmental Flight, IRP (30 CES/CEVR).

2.2 HYDROGEOLOGY

Site 1 1s located on an uplifted late-Pleistocene marine terrace within the Burton Mesa physiogeographic
province. Groundwater typically occurs unpredictably in small lenses perched on low-permeability layers
on Burton Mesa. Site geology consists of poorly graded, fine-grained sand from the surface to
approximately 19 to 28 feet bgs. Within the sand, a discontinuous clay layer was encountered. The 2- to
4-foot-thick clay layer is found at depths of 12 to 16 feet and consists of silty clay and clayey sand. The
upper clay layer is not expected to act as a barrier to groundwater movement within the perched aquifer
due to its discontinuity. A deeper, continuous clay bed, which ranges in thickness from 4 to 5 feet, was
encountered at a depth of approximately 19 feet under the east side of the site and extends to a depth of 28
feet northwest of the BXSS (IT 1999). The perched groundwater at Site 1 is typically found from
approximately 9 feet bgs to the deep clay bed, which slopes toward the northwest (IT 1999). Sand and
gravel encountered during drilling investigations below the deep clay bed were found to be unsaturated.

The shallow saturated zone below Site 1 is unconfined and ranges in thickness from approximately 10 to
21 feet. Based on site groundwater monitoring data collected from 1997 to 2005, groundwater generally
flows northwest with elevations ranging from approximately 444 to 451 feet above mean sea level (msl).
Groundwater levels measured in November 2005 indicate the groundwater elevation ranged from
approximately 445 to 449 feet above msl (Table 1). During fall 2005, the interpreted direction of
groundwater flow was to the northwest with a gradient of approximately 0.02 feet per foot (Figure 1).

3.0 SCOPE OF WORK

‘The work performed during fall 2005 at Site 1 included measuring groundwater elevations, collecting
groundwater samples for laboratory analyses, and preparing this report.

3.1 GROUNDWATER MONITORING METHODOLOGY

Eleven wells were sampled at Site 1 during fall 2005. Dedicated MicroPurge pumps and Grundfos pumps
were used for purging wells BXS-MW-1 through BXS-MW-3, BXS-MW-5 through BXS-MW-7, and
BXS-MW-15 through BXS-MW-19. Duplicate samples were collected from wells BXS-MW-1 and
BXS-MW-17. Sampling was conducted in accordance with the documents cited in Section 1.0.
Measured groundwater elevations are presented in Table 1, and groundwater contours are illustrated on
Figure 1. Purge records are provided in Appendix A.

In general, wells were purged until a minimum of one pump and tubing volume of water (for MicroPurge
pumps) or a minimum of three well volumes of water (for Grundfos pumps) were removed and water
quality parameters had stabilized.  Criteria for determining stabilization are three successive
measurements of temperature within 1 degree Celsius, pH within +0.1, conductivity within 5 percent,
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and a turbidity reading of less than 5 nephelometric turbidity units (NTUs). In cases where stability or a
turbidity reading of less than 5 NTUs was not obtained, samples were collected after purging a minimum
of five pump and tubing volumes of water (for MicroPurge pumps) or a minimum of five well volumes of
water (for Grundfos pumps).

3.1.1 MicroPurge Groundwater Sampling

MicroPurge sampling was conducted at monitoring wells BXS-MW-1, BXS-MW-6, and BXS-MW-16
through BXS-MW-18. The pumping rates were calibrated for each well prior to purging to maintain a
static water level (i.e., minimal drawdown). Due to high turbidity, wells BXS-MW-1, BXS-MW-6,
BXS-MW-17, and BXS-MW-18 were sampled after purging a minimum of five pump and tubing
volumes of water.

3.1.2 Standard Groundwater Sampling

A 2-inch Grundfos pump was used for purging groundwater at wells BXS-MW-2, BXS-MW-3,
BXS-MW-5, BXS-MW-7, BXS-MW-15, and BXS-MW-19. Wells BXS-MW-3, BXS-MW-5,
BXS-MW-15, and BXS-MW-19 were purged dry and sampled after sufficient recharge. Due to high
turbidity, well BXS-MW-7 was sampled after purging six well volumes of water. Samples were collected
using disposable Teflon bailers.

4.0 RESULTS

Temperature, conductivity, pH, and turbidity were measured in the field during purging. Field
measurements are presented in Appendix A. Readings taken immediately prior to sampling are presented
in Table 2. Fixed laboratory analyses were performed by EMAX Laboratories, Inc. in Torrance,
California. Samples were analyzed according to the work plan (Tetra Tech 2000a) for total petroleum
hydrocarbons as gasoline (TPHg) by U.S. Environmental Protection Agency (EPA) method SW8015B
and VOCs by EPA method SW8260B. Laboratory analyses and data validation were conducted
according to the QAPP Addendum (Tetra Tech 2004). Data validation was performed on 100 percent of
the analytical data. Results are presented in Tables 3 and 4, and on Figure 2. Historical data for key
contaminants of concern are presented in Table 5 and on Figures 3A and 3B. Figure 3A contains data for
key COCs from October 1998 through fall 2003 and Figure 3B contains data for key COCs from spring
2004 to present. Hydrographs showing historical benzene and MTBE concentrations for wells
BXS-MW-1, BXS-MW-5, BXS-MW-6, and BXS-MW-18 are presented on Figure 4. Chain-of-custody
records are provided in Appendix B.

4.1 TOTAL PETROLEUM HYDROCARBONS

Total petroleum hydrocarbons as gasoline were detected in groundwater collected from six of the eleven
wells sampled for TPHg during fall 2005. The highest concentration (75 mg/L), and the only
concentration above the Vandenberg AFB Leaking Underground Fuel Tank (LUFT) action level for TPH
in groundwater of 1 mg/L, was detected in groundwater from well BXS-MW-2 (Table 3). All TPHg
concentrations were within the historical range for each well, with the exception of those detected in
groundwater from wells BXS-MW-5 and BXS-MW-6, which were at historical lows and below the LUFT
action level for the first time (Table 5). Well BXS-MW-2 was added to the BGMP during spring 2004.
Prior to being sampled under the BGMP, groundwater from well BXS-MW-2 had not been analyzed
since the September 1996 sampling event by IT.
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4.2 VOLATILE ORGANIC COMPOUNDS

Groundwater from seven of the eleven wells sampled for VOCs during fall 2005 contained VOCs at
concentrations above the primary maximum contaminant levels (MCLs) (Table 4). The highest
concentrations of VOCs were detected in groundwater from wells BXS-MW-2, BXS-MW-5, and
BXS-MW-18 (Figure 2). The VOC 1,2-dichloroethane (DCA) was detected above the MCL of 0.5 pg/L
in groundwater samples from wells BXS-MW-18 and BXS-MW-19, at concentrations of 1.1 and 0.52
ng/L, respectively. This VOC has not previously been detected in well BXS-MW-18 during the BGMP
and was last detected during fall 2004 in groundwater from well BXS-MW-19 at a concentration of 0.7
ug/L. Groundwater from well BXS-MW-2 contained the highest concentration of benzene (4,300 pg/L),
ethylbenzene (2,400 pg/L), toluene (16,000 ug/L), m,p-xylene (9,700 pg/L), and o-xylene (4,000 ug/L).
MTBE was not detected in groundwater from this well. Well BXS-MW-2 has had BTEX concentrations
above MCLs without corresponding elevated levels of MTBE or ters-butanol (TBA) for four quarters.
This may indicate the existence of an old leak that precedes the use of MTBE as a gasoline additive. The
highest concentration of MTBE (1,400 pg/L) was detected in groundwater from well BXS-MW-5. In
addition, benzene was detected above the MCL of 1 microgram per liter (ug/L) in groundwater from
wells BXS-MW-1, BXS-MW-5, BXS-MW-6, BXS-MW-7, and BXS-MW-18, and MTBE was detected
above the MCL of 13 ug/lL in groundwater from wells BXS-MW-1, BXS-MW-5, BXS-MW-6,
BXS-MW-7, BXS-MW-18, and BXS-MW-19. Concentrations of cis-1,2-DCE, ethylbenzene, total
Xylenes, and toluene exceeded the respective MCLs of 6, 300, 1,750 (for the sum of total xylenes), and
150 pg/L in groundwater from one or more wells at Site 1. The compound TBA was detected above the
Department of Health Services (DHS) notification level of 12 pg/L in groundwater from four wells
(Table 4). The highest concentration of TBA (420 pg/L) was detected in groundwater from well
BXS-MW-5. The approximate distribution of benzene in groundwater is shown on Figure 3B. No
apparent correlation was observed between groundwater elevation and benzene concentration, except in
wells BXS-MW-5 and BXS-MW-18 from fall 2004 to fall 2005 (Figure 4). Benzene and MTBE
concentrations show a decreasing trend for all wells graphed (Figure 4). Concentrations of key VOCs of
concern were within the historical ranges for each well, except for the following COCs, which were
detected at historic lows: benzene in groundwater from wells BXS-MW-6 and BXS-MW-7, ethylbenzene
in groundwater from wells BXS-MW-5 and BXS-MW-6, MTBE in well BXS-MW-5, toluene in well
BXS-MW-6, m,p-xylenes in wells BXS-MW-5 and BXS-MW-6, and o-xylene in well BXS-MW-6
(Table 5). Toluene concentrations are noteworthy, since the concentrations from spring 2003 through fall
2004 ranged from 4,600 to 5,670 pg/L, while the concentrations during the last two quarters (spring and
fall 2005) were detected below the MCL of 150 pg/L at 32 and 0.38 pg/L., respectively.

5.0 QUALITY ASSURANCE/QUALITY CONTROL

All of the analytical data presented in this report have been validated according to the QAPP Addendum
(Tetra Tech 2004). The data validation process includes review of sample preservation, temperature, and
hold times; detection and quantitation limits; instrument calibration; and equipment blank, trip blank,
method blank, laboratory control sample, and matrix spike/matrix spike duplicate. Data validation
qualifiers and comments are provided on the data tables to indicate the results of the data validation and to
quantitatively indicate the usability of the data. In addition, field sampling records are reviewed to assess
the potential for any field conditions to adversely impact the data quality.

There were no significant quality assurance/quality control discrepancies with the data presented in this
report. The data quality objectives for the fall 2005 sampling at Site 1 were achieved.
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6.0 RECOMMENDATIONS

Semiannual monitoring at Site 1 will continue in spring 2006 according to the Final BGMP Work Plan
(Tetra Tech 2000a).
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Spr—04 ND ND ND ND

Fall—-04 ND ND ND ND / A : GROUNDWATER MONITORING WELL
Spr—05 ND ND ND ND /-

Fall-05 ND ND ND ND

INSTALLED MICROPURGE PUMP

NOT DETECTED; RESULT IS LESS THAN
THE METHOD DETECTION LIMIT

BXS—MW-6  Benzene Toluene Ethylbenzene m,p—Xylenes o—Xylene MTBE TPHg .
Spr—04 930 4,600 800 4,600 2,400 47 39 BENZENE CONCENTRATION CONTOUR
Fall-04 850 4,900 800 5,200 2,800 46 35 : ‘ : D APPROXIMATED BY LINEAR

Spr—05 200 32 300 1,400 610 15 8.4 . : INTERPOLATION (ug/L) (DASHED
Fall-05 14 0.38 20 4.2 2.6 15 0.18 ‘ : WHERE |NFERRED)

BXS—MW-18 Benzene Toluene Ethylbenzene m,p—Xylenes o—Xylene MTBE  TPHg

Spr—04 200 0.54 22 1 0.34 110 0.12
Fall—-04 320 0.86 32 2.4 0.22 200 0.42
Spr—05 680 3.8 130 55 14 250
Fall-05 560 0.98 94 24 0.85 190

BXS—-MW-7  Benzene Toluene Ethylbenzene m,p—Xylenes o—Xylene MTBE

Spr—04 100 3.3 66 66 1.1 240 . s ; S . NOTE(S): RESULTS FOR ALL COMPOUNDS EXCEPT

Fall—04 170 14 no 27 4.6 230 . § - TPHg ARE IN pg/L. TPHg RESULTS ARE
Spr—05 340 22 130 73 6 13 . R

Fall-05 42 2.9 75 18 0.89 29 : ‘ - IN mg/L.

BXS—MW-5  Benzene Toluene Ethylbenzene m,p—Xylenes o—Xylene MTBE

Spr—04 2,200 21 100 79 7.5 2,100
Fall-04 1,900 22 110 43 9.7 1,900
Spr—05 2,400 400 270 410 120 1,500 . 0 Ay plemnet o A

Fall-05 1,100 9.9 40 24 3.7 1,400 . ; LA 50’ 100’ 150°

BXS—MW—-2  Benzene Toluene Ethylbenzene m,p—Xylenes o—Xylene MTBE N ' ; g SCALE
Spr—04 5,300 11,000 2,400 10,000 3,700 ND 60

Fall-04 4,500 12,000 1,700 3,900 3,400 ND 77 B $
Spr—05 4,100 11,000 2,000 380 3,100 ND 73 g N UNITED STATES AIR FORCE

Fall-05 4,300 16,000 2,400 9,700 4,000 ND 75 R VANDENBERG AIR FORCE BASE

///_ _ | ’ SITE 1
BXS—-MW-17  Benzene TPHg REPTT >

HISTORICAL ANALYTICAL RESULTS OF
Spr—04 ND ND KEY CONTAMINANTS OF CONCERN

Fall-04 ND ND
ares ND ND SPRING 2004 THROUGH FALL 2005

Foll-05 ND ND

TETRA TECH, INC.
BXS—MW—1  Benzene Ethylbenzene  m,p—Xylenes o—Xylene MTBE BXS-MW-3 Benzene Toluene Ethylbenzene m,p—xylenes o—xylenes n 4213 State Street, Suite 100

Spr—04 79 : 83 ) 0.37 200 Spr—04 1.4 6.5 2.8 14 4.6 Santa Barbara, CA 93110-2847
Fall-04 210 ) 81 0.7 130 Fall-04 1.4 3.3 1.9 5.4 1.7

Spr—05 76 . 62 . 0.86 81 Spr—-05 2.7 1 2.2 8 3.4 TASK NO. DATE | DRAWN BY | MADE FROM] DWG NO. Figure
-0 . . Fall-05 ND ND ND ND ND
P08 140 L L o 99105-18 | 3/8/06 | PRICHARD| TAB21 | 5454 | 3B




Hydrograph for Well BXS-MW-1
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Figure 4. Historical Benzene and MTBE Concentrations at Site 1.



Hydrograph for Well BXS-MW-5

452

(jsw anoqe 109))
UoIBAS|T J21EMPUNOID

o (e} © <
Tp) < < <
< < < <
} } } }
T T T T

442

12000

|
|
|
|
|
—t—
o o o
S © o
o 9o o
© © <

10000 | -~~~/ >
2000 |

(7/61) uonreniuaosuo)d

- €0
- 20
- 20-4ds
- TO-Ired
- T0-4ds
- 00-100
- 00-1dy
- 66-100
- 66-Ae
- 86-100

- GO-lred
- GO-4ds
- 0-Ired
- ¥0-1ds
- €0-Ired

-ids
-lred

- 86-InC
- L6-A\ON
- e-unt

Event

- #& - - Groundwater elevation

——MTBE

—@— Benzene

Hydrograph for Well BXS-MW-18

(jsw anoqe 109))
UoIeAS|T J21EMPUNOID

- 66

12000

10000 { -~~~ -
6000 +

(7/6M) uonenuaouo)

GO-lred
G0-Jds
¥0-lred
¥0-1ds
€0
€0
20-Ired
- 20-1ds
- TO-Ired
- T0-4ds
- 00-120
- 00-1dy
- 667100

-lred
-ids

-Ren

- 86190
- 86-InC

- L6-A\ON
- e-unt

Event

—@—Benzene —¢— MTBE - - # - - Groundwater elevation

Figure 4 (continued). Historical Benzene and MTBE Concentrations at Site 1.
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Table 3
TPH in Groundwater
Fall 2005
EPA Method SW8015B (mg/L)
IRP Site 1 (Base Exchange Service Station)
Vandenberg AFB, California

Sample Location Sample ID Collection Date TPH as Gasoline
0.02
0.1
BXS-MW-1 VBXSMW1 21-Nov-05 0.71 g
BXS-MW-1 VI9WS588 (D) 21-Nov-05 0.8 g
BXS-MW-2 VBXSMW2 21-Nov-05 75 g
BXS-MW-3 VBXSMW3 21-Nov-05 002 U g
BXS-MW-5 VBXSMW35 22-Nov-05 0.92 g
BXS-MW-6 VBXSMW6 21-Nov-05 0.18 g
BXS-MW-7 VBXSMW7 22-Nov-05 0.64 g
BXS-MW-15 VBXSMW15 21-Nov-05 002 U g
BXS-MW-16 VBXSMW16M 21-Nov-05 002 U g
BXS-MW-17 VBXSMW17 21-Nov-05 002 U g
BXS-MW-17 VI9WS89 (D) 21-Nov-05 002 U g
BXS-MW-18 VBXSMW18 21-Nov-05 0.41 g
BXS-MW-19 VBXSMW19 21-Nov-05 002 U g

Data Validity Qualifier(s):

U

Data Validity Comment(s):

g

Definition(s):

D)
MDL
mg/L
PQL
QAPP
TPH

Note(s):

duplicate sample

method detection limit
milligrams per liter

practical quantitation limit
Quality Assurance Project Plan
total petroleum hydrocarbons

- The analyte was not detected at or above the MDL.

Values from QAPP Addendum (Tetra Tech 2004).

- The data met prescribed criteria as detailed in the QAPP.

<S1_T3_Fallo5_TPHg xIs>3/8/2006
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